ABSTRACr The modification of the chemistry of asbestos chrysotile fibres (Mg3(Si20)(OH)4) after their ingestion by cultured cells has been studied. Two types of cells involved in asbestos related pulmonary disease were used, rabbit alveolar macrophages (AM), recovered by bronchoalveolar lavage, and pleural mesothelial cells (PMC) obtained from the rat parietal pleura. Chemical characterisation of intracellular fibres was performed on unstained ultrathin sections by electron probe microanalysis. The results showed a progressive leaching of Mg, characterised by a time dependent decrease of Mg/Si. AM were more efficient than PMC at leaching intracellular chrysotile fibres since it took longer to obtain the same proportion of leached fibres with PMC than with AM. As in vitro Mg-leaching can be obtained by acid treatment, chrysotile fibres were incubated, either untreated or pretreated with cell membranes, at pH 4 or 7 for various times. The data show that the kinetic of leaching by AM was comparable with leaching at pH 4. The leaching by PMC was of the same order as leaching at pH 7. When membranes were adsorbed on to the fibres, a delayed leaching was observed. The results indicate that the solubilisation of chrysotile by AM could be an intraphagolysosomal event due to a pH effect. With PMC, however, it is not possible to draw this conclusion since nothing is known about the intracellular pH. 
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Material and methods

ASBESTOS FIBRES
Rhodesian chrysotile fibres were obtained from the Union Intemationale Contre le Cancer (UICC) (Dr Timbrell). Fibres were dispersed by sonication in the culture medium6 before their addition to the cells. To prepare control samples, fibres were dispersed in filtered distilled water and a drop put on a collodion coated grid.
TREATMENT OF CHRYSOTILE FIBRES WITH CELL MEMBRANES
Red blood cells (RBC) were lysed in ice cold phosphate buffer 5 mM according to Fairbanks et al, ' and the resulting ghosts were washed under centrifugation with the same buffer until the membranes became nearly white. Then the RBC pellet was brought to 10% v/v in 0*01 M citrate buffer. Fibres and ghosts were mixed together and incubated at 37°C for 20 minutes, the final concentrations being respectively 1 mg/ml and 2 5%; the ghost concentration was equivalent to 860 ,ug/ml of phosphatides; in these conditions the adsorption of RBC membranes was optimal.8 Then the mixture was underlayered on a 40% sucrose solution to eliminate the unadsorbed membranes.8 The fibres were finally washed three Jaurand, Gaudichet, Halpern, and Bignon times in an appropriate citrate buffer (pH 7 or 4). The same procedure was applied to the fibres not treated with membranes. Membrane treated and untreated fibres (1 mg/ml) were incubated at 37°C in Falcon flask for different times (60 hours and 12 days, pH 7; 70 hours and 8 days pH 4).
TREATMENT OF AM AM were obtained by bronchoalveolar lavage from normal rabbits and cultured in a Falcon flask for 24 hours in a 199 medium supplemented with 0.32% bovine serum albumin (pH 6.9).6 Freshly sonicated chrysotile fibres were added to the culture (4 ,ug/ cm2) for 45 min four, or 20 hours. After incubation, the cells were treated using a standard electron microscope procedure as described elsewhere.9
TREATMENT OF PMC PMC were obtained from normal rat parietal pleura and cultured as previously described.9 Briefly, the cells were cultured in NCTC 109 supplemented with 10% fetal calf serum (pH 7-3), and trypsinised every week. Freshly sonicated chrysotile fibres were added (2 Ug/cm2) to 10 to 15 passages old confluent PMC. After 20 hours of contact with the fibres, PMC were washed with phosphate buffered saline to discard most of the extracellular fibres. The medium was replaced with fresh medium. PMC were then fixed two, four, six, and seven days after contact with fibres, as described with AM.
ELECTRON MICROSCOPE ANALYSIS
The electron microscopic analysis was performed on unstained ultrathin sections. Intracellular fibres were located on a carbon coated copper finder grid, with a transmission electron microscope (JEOL 100C); thereafter they were analysed by a microprobe equipped with a wavelength dispersive spectrometer (TAP cristal) observed that fibres induced an intense vacuolation of PMC.
INTRACELLULAR CHRYSOTILE FIBRES
To describe the variation of the Mg/Si ratio inside each series, the values were ranged into four classes. Figure 4 shows the kinetics of the chrysotile biodegradation. The leaching was time dependent, Mg/Si The effect of membranes on leaching is illustrated in fig 4; it was characterised by a delay of the leaching process.
Discussion
These experiments have shown that cultured cells solubilise the magnesium from phagocytosed chrysotile fibres. This biodegradation appears to be an early process (fig 4) . This was established from the comparison of the Mg/Si values between standard fibres and ingested fibres. The variability of the Mg/Si ratio, however, either along a fibre or from one fibre to another one inside a same given series must be noted. The former variations could be due to the instability of the analytical method or to the variation of the chemistry inherent in the natural chrysotile fibres; however, they were lower than in the range of the Mg/Si classes. The later variations might be due, in addition, to a difference in the time that the fibres are retained inside the cells.
The alveolar macrophages seemed to be more efficient than pleural mesothelial cells at leaching the Mg content of chrysotile fibres since 59% of the fibres were "leached" by AM after 24 hours and only 13% after two days of incubation with PMC.
The kinetics of leaching with PMC was linear after two days. By contrast, the kinetic of biodegradation was variable with AM. This is probably due to the different treatment of the cells: PMC were washed after 20 hours of incubation with fibres to eliminate extracellular fibres and to have a "zero time" of leaching; with AM, all the fibres stayed in the culture medium and they could be phagocytosed for the duration of the experiment.
From the morphological and chemical studies reported here, it is established that chrysotile biodegradation occurs inside the cells. Particulate matter ingested by AM is well known to sequester inside phagolysosomes; elsewhere, it has been shown that chrysotile fibres ingested by PMC are also found inside phagolysosomes.5 This suggests that leaching is an intralysosomal process, which could be related to the acidity of the phagolysosomal medium; indeed Mg leaching from chrysotile has been shown by acid treatment in vitro. ' The decreased or delayed Mg leaching resulting from a membrane pretreatment could be related to a "barrier effect" of the membrane since in our experimental conditions the whole surface of the fibres is supposed to be covered by the ghosts. The dissolution of chrysotile fibres resulting from an acid treatment has been studied elsewhere. '6 It appeared that the two possible rate limiting steps were diffusion of Mg2+ through an external silical gel or protonation at the reaction site. Then the membrane could be a rate limiting barrier to the diffusion of cation through surface layer and interface.
Conclusion
These experiments confirm the solubility of chrysotile fibres in biological medium. The lower Mg content found in fibres isolated from human lungs could be partly due to an attack by the pulmonary cells. It In vitro biodegradation of chrysotile when inhaled but also to transformation in the lung. The solubilisation of chrysotile fibres in AM may be an intraphagolysosomal event due to a pH effect; however, with PMC it does not correlate with the acid solubilisation; it is necessary to know more about the intracellular pH of PMC in order to conclude either to a cell impairment or to a normal specific state of the cell.
